Aim: Several forms of periodontal disease have been associated with the development of coronary heart disease. The current retrospective study was conducted to investigate the possible relationship between periodontal disease parameters and defined coronary heart disease (CHD) in Greek adult patients.
INTRODUCTION
Cardiovascular diseases (CVDs) and especially coronary heart disease (CHD) consist major pathological conditions, as they are the main cause of mortality nowadays in industrialized countries and occur as a result of genetic, environmental and behavioral risk factors. 1 Coronary heart disease refers to atherosclerosis of the coronary arteries leading to insufficiency of the myocardial blood supply due to reduction of blood flow through one or more of the coronary arteries or its branches and includes myocardial infarction, angina pectoris and ischemic heart disease. 2 However, a significant percentage of CHD can not be explained by traditional risk factors 3 and it has been implicated chronic inflammation etiologically in CVD and CHD. 4 Periodontitis is a progressive inflammation, leading to the destruction of the supporting tissue and alveolar bone loss. Previous studies have linked several risk factors to periodontal disease (PD) including diabetes mellitus, smoking, age, gender and low socioeconomic status. 5 In addition, PD is also associated with elevations of several markers of chronic inflammation 6 and because of evidence implicating chronic inflammation in the etiology of CHD, an etiologic relationship between both diseases has been hypothesized. 4 Many case-control and cohort studies have reported a positive association between PD and the risk of CHD. 3, [7] [8] [9] [10] [11] [12] [13] Periodontal disease and CHD have several common risk factors, such as smoking and diabetes mellitus.
14 It has been claimed that this might be one of the explanation for the association between both diseases. 15 Significant similarities also have been recorded in the pathogenetic processes of CVD and periodontitis. 16 Recently, other studies focused on suggesting that genetic factors influence biological processes involved in both diseases, On the other hand, no significant associations between PD and an increased risk of CHD have been recorded in similar reports, [18] [19] [20] and most of those results are from prospective studies. Cardiovascular disease and PD consist widespread pathological conditions and, therefore, an association between them is an important scientific issue from a preventive point of view. These reasons have led to a strong interest in assessing whether PD is independently associated with CHD.
The aim of the present research was to investigate whether parameters of PD, such as gingival index (GI), probing pocket depth (PPD) and clinical attachment loss (CAL), are associated with defined CHD among middleaged and old adults.
MATERIALS AND METHODS

Subject Population
Subject population consisted of 880 individuals, 400 males and 480 females, 40 to 78 years old. The participants were outpatients of a neurosurgery clinic of a military hospital (50%) and patients of two private practices, one dental (25%) and one medical (25%). This sample selection was applied in order to create a possible representative study sample. All the participants were completed a health questionnaire and underwent an oral clinical examination. The investigation was carried out between April and September 2013.
Selection Criteria
The selection criteria of the participants comprised age from 40 to 78 years old and a mean of 20 natural teeth, since large numbers of missing teeth could lead to over or underestimate the dental variables and the possible associations that are under consideration. None of the participants had received scaling and root planing procedures or periodontal treatment during the previous 6 months or receive prescription of systemic antibiotics or anti-inflammatory or other systemic drugs. These criteria were applied because of potential effects on the oral tissues. In order to avoid as much as possible, potential confounding influences on the study parameters, individuals with diabetes mellitus, rheumatoid arthritis, malignant diseases, acute infections, neoplasias, liver cirrhosis and concurrent medication with general glucocorticoids were also excluded from the study.
Questionnaire
Before the oral clinical examination, all participants filled a self-administered questionnaire that included variables, such as age, gender, smoking status (active smokers/nosmokers) and data regarding the general medical history of them with reference to medication and several chronic systemic disorders.
The basic criterion in order to be selected a subject in the current study was the question by a specific pathologist, 'Have you ever had coronary heart disease diagnosed by a medical doctor?' In case of a positive response, the selected individuals had to meet the following common characteristics in order to be included in the study: (A) they were suffering from some degree of ischemic heart disease, (B) they did not suffer from any other relevant systemic pathology, (C) their treatment was based on the use of calcium channel blockers (nifedipine or diltiazem), beta blockers and coumarin anticoagulants. 21 Hypertension was determined in a manner similar to the one described above, 'Have you ever had elevated blood pressure diagnosed by a medical doctor?'. Medical biomarkers, such as serum total cholesterol, serum triglycerides and serum high-density lipoprotein (HDL), were determined by laboratory tests for the whole individuals 1 to 2 weeks after their examination. Categorization of serum total cholesterol, HDL-cholesterol and triglycerides were based on the scientific statement of the American Heart Association (AHA) and the American College of Cardiology (ACC). 22 In cases where the participants could not remember details of their medical history concerned, the mentioned or other medical variables, the additional data were collected by their own personal medical file.
Clinical Examination
The clinical examinations were performed at the neurosurgery clinic of the hospital and the mentioned private practices. One well trained and calibrated dentist performed the examinations. The clinical measurements concerned the following variables: on each tooth GI, PPD and CAL were measured by a William's PCP 12 probe (PCP10-SE, Hu-Friedy Mfg. Co. Inc., Chicago, IL, USA) at six sites per tooth (distofacial, facial, mesiofacial, distolingual, lingual and mesiolingual) of all teeth except for the 3rd molars and remaining roots. The severity of gingivitis classified as follows: score 0-normal gingiva/mild inflammation, slight change in color, slight edema, no bleeding on probing, which corresponds to Löe 23 classification as score 0 and 1 respectively; score 1-moderate inflammation, redness, edema and glazing, bleeding on probing/severe inflammation, marked redness and edema, ulceration, tendency to spontaneous bleeding, which corresponds to Löe classification as score 2 and 3 respectively. The presence of PPD classified as follows: 24 score 0-moderate periodontal pockets, 4 to 6.0 mm and score 1-advanced periodontal pockets, >6.0 mm. The severity of CAL classified as follows: 25 score 0-mild, 1 to 2.0 mm of attachment loss, and score 1-moderate/severe, ≥3.0 mm of attachment loss.
Reproducibility
A randomly chosen sample of 90 (10%) individuals was re-examined clinically by the same dentist in order to establish the intraexaminer variance. After consideration of the code numbers of the double-examined individuals, no differences were recorded between the 1st and 2nd clinical assessment (Cohen's kappa = 0.91).
ETHICAL CONSIDERATION
The present study was not an experimental one. In Greece, only experimental studies must be reviewed and approved by authorized committees (Dental Schools, Greek Dental Associations, Ministry of Health, etc.).
Participants who agreed to participate in the present study signed an informed consent form.
STATISTICAL ANALYSIS
For each individual, the worst values of GI, PPD and CAL at the six sites per tooth were recorded. Statistical analysis of questionnaire items was performed by using the multiple logistic regression analysis model to identify which variables were best associated with CHD. A stepwise procedure was used to investigate the influence of possible risk factors to the outcome of CHD. A two-step approach was used for this aim. First, bivariate analysis was used to test the relationship between CHD and the associated factors. Unadjusted and adjusted odds ratios (OR) with 95% CI were assessed as well. The data analysis was performed using the statistical package of social sciences (SPSS) ver. 17.0 (SPSS Inc., Chicago, IL, USA). A p-value less than 5% (p < 0.05) was considered to be statistically significant.
RESULTS
The total number of the participants who met the selection criteria were 933. However, 880 of them accepted the invitation to take part in the study and met the inclusion criteria giving a response rate 94.3%. Four hundred and forty-five patients were outpatients of the specialist hospital clinic, 222 patients visited a private medical practice and 213 visited a private dental practice.
The mean age of the sample of the study was 58.6 ± 3.6 years.
Current cigarette smokers reported 318 (36.1%) of them, 137 males and 181 females, while 562 (63.9%) were nonsmokers, 263 males and 299 females.
A total of 80 patients, 47 males and 33 females, were diagnosed as having CHD according to the mentioned criteria, giving an overall prevalence of 9.1%, 11.8% in males and 6.8% in females.
The results showed that occurrence of CHD, hypertension and inflammatory markers were associated with PPD, GI and CAL according to the bivariate analysis ( Table 1 ). The factors that were associated with the presence of CHD and unadjusted OR and 95% confidence interval (CI) are shown in Table 2 .
The examined variables entered the backward method, and the adjusted OR with 95% confidence interval (CI) with the significant levels were assessed ( Table 2) .
The results of the stratified multivariate logistic regression model are presented in Table 3 and showed that the examined periodontal parameters were not associated with the presence of CHD after adjustment for several risk factors, such as male gender, low income, low educational level and smoking.
DISCUSSION
The results of the current study were showed no association between presence of CHD and gender despite the fact that previous studies suggested that males showed a greater risk of developing CHD. 26, 27 The lack of physical exercise is another environmental risk factor for CHD; 28 however, the present findings did not confirm such an association, similar to a previous study. 13 No association was recorded between socioeconomic status and the presence of CHD, finding that was in accordance with those from previous reports. 3, 13 However, other reports recorded a positive association. 28, 29 Several observational studies showed that poor oral health status is associated with an increased risk of CHD.
10 Similar findings were recorded in previous prospective studies regarding the link between poor oral health and CHD. 3, 11 However, in the current study no association was found between tooth brushing frequency and CHD and between frequency of dental follow-up and CHD, variables that could indicate the oral hygiene level. Hung et al 29 observed that periodontal indices, such as CAL, PPD or GI, could be indicators for traditional risk factors for CHD, whereas the most plausible explanation for the finding was that periodontal indices are associated with poor oral hygiene, which in turn are associated with oral hygiene-related cardiovascular risks as presence Hypertension is an important risk factor for CHD and that increases the risk for CHD, occurrence, progression and mortality according to a previous study. 31 In the current and a previous similar report, 13 hypertension was significantly associated with the presence of CHD. The principle finding of the current study was that no relations were recorded between the examined periodontal indices and the presence of CHD. These findings were in agreement with those of previous studies. 19, 20 Little 17 observed that none of the studies from 2005 to 2008 have shown a cause-and-effect relationship between both diseases. In contrary, previous reports 3, [7] [8] [9] [10] [11] [12] [13] showed that PD was associated with CHD. A meta-analysis of 22 case-control and cross-sectional studies and 12 cohort studies conluded that the risk for ischemic CVD was significantly higher among individuals with PD.
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Over the last few years, a great deal of studies with different designs, such as case-control, retrospective and prospective observational, meta-analysis, were developed, and were produced contradictory results when estimating the association between both diseases. The large sample sizes of the mentioned studies provide a good reason for caution with regard to the examined association. However, a major limitation of these studies stems from the self-reported nature of PD assessment in which participants were asked by a means of a questionnaire whether they had a history of CHD or of other traditional risk factors for CHD, such as hypertension or diabetes mellitus, or whether they had a history of PD and data collected without an oral clinical examination. One of the great difficulties in comparing different studies about this subject is the lack of a consistent classification for PD. Based on published data, it is difficult to reach a conclusion whether there is or not an association between PD and CVD. In the current study, we made a point of evaluating all teeth to prevent any bias in data collection. Furthermore, our classification sought to aggregate the most important PD parameters, such as probing depth, since periodontal pockets are a reservoir for microorganisms with direct access to the connective tissue and circulatory system, CAL, because periodontal recession is the record of history of PD and its remissions and GI as an indicator of infective burden. Another important factor that may be taken into account during the design process of such studies, is the epidemiological phenomenon that is known as 'confounding.' Both diseases, PD and CHD share common risk factors, such as socioeconomic status and smoking; consequently, a correlation between both diseases would be expected even if a causal link did not exist. In addition, in case of association, this could be a result of confounding by mutual risk factors. Confounding may also occurs through unknown factors, e.g. a genetic predisposition. However, the question still remains whether the association between PD and CVD is causal or is confounded by unmeasured factors. In the current study, after controlling for known risk factors, such as male gender, low educational level, low incomes and smoking, no associations were found between GI, PPD and CAL and the presence of CHD.
The current study has some limitations that should be taken into account before any benchmarking with similar studies. First, the majority of the study population was residents of Athens with different levels of educational and socioeconomic background which in many cases appeared to be low. In Greece, individuals with higher socioeconomic and educational background prefer and receive medical care from private hospitals. Second, in a retrospective study, like the present, the reliability is not as high as for prospective studies since the interexaminer variability is most likely higher. Furthermore, the results of the present study were based on selfreported data regarding the diagnosis of CHD, systemic health conditions and other epidemiological aspects. The response outcomes to the questionnaire items may, therefore, suffer from inaccuracy. Respondents may under-report, over-report or choose not to report. Despite the fact that the personal medical file of the individuals could solve this problem, this factor may lead to limitations regarding the validity when interpreting the results in this study. In conclusion, the sample of the present study was not randomly selected from a normal population but as mentioned consisted of outcome patients of a special hospital clinic and private practices.
In addition, the decision on including older individuals who have at least 20 remaining natural teeth, may lead to an underestimation of older individuals with previous PD and who may have had teeth extracted for periodontal reasons.
Another limitation is that it is difficult to make a causal statement because of temporal ambiguity related to a retrospective study design, meaning that we did not even know whether gingivitis and periodontitis precede CHD. On the condition that these precede CHD, we have to be aware that the time period from exposure to disease is at best short in relation to cardiovascular alterations.
